The juice extracted from cashew apples contains tannins that must be reduced due to their astringency and anti-nutritional properties. This study investigated reducing the tannins in cashew apple juice by mixing gelatin at 0.0 to 1.0% (w/v) with the juice for 5 to 15 min. Response surface methodology was used to simulate tannin concentration, turbidity, and weight of precipitate as a function of gelatin concentration and mixing time. All models were significant (P<0.01) and residuals exhibited normal distribution. Increasing the gelatin concentration decreased tannins and juice turbidity. Optimal conditions for minimum concentration of tannins and turbidity were obtained by adding gelatin at 0.67% (w/v) for 15 min. Cashew apple juice with the tannins reduced could be used in the subsequent production of wine and bioethanol.
INTRODUCTION
Cashew apples are cultivated primarily for their nuts-cashew nuts. The nuts represent only 10% of the total fruit weight, with the remainder typically left in the field as waste. However, juice from the cashew apple offers potential alternative uses, including fermenting into wine, probiotic beverages, and bioethanol (Prommajak et al., 2014) .
Cashew apple juice contains high amounts of sugar (about 10%) and ascorbic acid (280 mg/100 ml) (Inyang and Abah, 1997; Figueiredo et al., 2002) . However, the tannins in cashew apple juice (0.6 mg/100 g) cause an astringent taste (Rocha et al., 2007) . Tannins are also an anti-nutritional factor, acting as metal ion chelators and digestion inhibitors (Hagerman, 2011) . Tannins are phenolic compounds that are categorized into three groups: condensed tannins, hydrolysable tannins, and complex tannins. Condensed tannins can be hydrolyzed under harsh conditions and are responsible for the dry-mouth feeling in red wine (Vermerris and Nicholson, 2006) .
Researchers have studied the efficacy of microfiltration, tannase, and clarifying agents (sago, gelatin, polyvinyl pyrolidone, and starch) for removing tannins from cashew apple juice (Cormier, 2008) . Campos et al. (2002) studied the shelf-life stability of cashew apple juice clarified by microfiltration associated with enzymatic hydrolysis (0.1% of tannase enzyme) to reduce astringency. Clarification was carried out on a tubular microfiltration module using polyethersulfone membranes (0.3 µm pore size and 0.05 m 2 of permeation area). Some chemicals such as tannase and polyvinyl pyrolidone are expensive and not readily available, and microfiltration is difficult to operate (Talasila et al., 2012) .
As a result, using gelatin is one of the most popular methods for removing tannins from cashew apple juice. Gelatin and other proteins can interact with the tannins via hydrogen bond between phenolic groups of tannins and amino groups of proteins (Shahidi and Naczk, 2004) . Gelatin can be added to the juice as either a powder or solution. Inyang and Abah (1997) added gelatin powder (0.45 g/100 ml) to the juice, stirred and allowed it to stand for 10 min to precipitate tannins. Talasila et al. (2012) investigated different levels of gelatin solutions (2.0 and 4.0% w/v). None of these studies, however, nor any others to the best of our knowledge, investigated the optimum gelatin-to-juice ratio for tannin precipitation in cashew apple juice. This study, therefore, sought to determine the optimal gelatin concentration and mixing time for precipitating tannins in cashew apple juice using response surface methodology.
MATERIALS AND METHODS

Cashew juice preparation
Cashew apple was harvested at ripening stage (deep red color) from a local orchard in Uttaradit Province, Thailand. The samples were transported to the laboratory within 6 h and immediately frozen at -22°C. The fruit juice was obtained by a hydraulic press machine and then filtered through a double layer of muslin cloth. Potassium metabisulfite was added at a concentration of 50 mgL -1 to inhibit wild yeasts and other microbes. Then, the juice was kept frozen at -22°C until use. The juice was thawed at room temperature and then centrifuged at 2,370×g for 10 min using Universal 320R (Hettich, Germany) to clarify the cashew apple juice. Gelatin (240 bloom, 40 mesh) was purchased from Gelita AG (Germany).
Tannin precipitation
Factorial design was employed to test the effects of adding gelatin and the mixing time on tannin concentration and turbidity of cashew apple juice, as well as the amount of gelatintannin precipitate. Gelatin powder was added into 30 ml of cashew juice in a 125 ml flask at the concentrations of 0.0 (null), 0.2, 0.4, 0.6, 0.8, and 1.0% (w/v). The flask was shaken at 100 rpm in a Ratek OM11 orbital mixer/incubator (Ratek Instruments, Australia). The mixture was pipetted out at 5, 10, and 15 min and then centrifuged at 2,000×g for 10 min at 25°C (Mikro 22 R, Hettich, Germany). The supernatant was kept to determine condensed tannins and turbidity. The precipitate was washed with 5 ml distilled water, re-suspended, and centrifuged using the above conditions to remove supernatant and dried in a hot air oven at 105°C for 48 h. The experiment was performed in triplicate.
Determination of condensed tannin
The condensed tannins in cashew apple were analyzed by butanol-HCl method (Vermerris and Nicholson, 2006) . In brief, a 0.25 ml sample was mixed with butanol-HCl reagent (77 mg of FeSO 4 ·7H 2 O in 500 ml of HCl and n-butanol at a volume ratio of 2:3). The sample was placed in a water bath at 95°C for 15 min. The absorbance at 530 nm was analyzed by Anthos Zenyth microplate reader (Biochrom, England). Optical density was converted to condensed tannins concentration (expressed as cyanidin) using a molecular extinction coefficient (ε mol ) of 34,700 Lmol -1 cm -1 . Optical path length was calculated from a sample volume divided by surface area of a microplate well.
Measurement of turbidity
Turbidity of cashew apple juice was determined by measuring optical density at 450 nm using Anthos Zenyth microplate reader (Biochrom, England) (Jacquier et al., 2001 ). The sample volume was 200 μl. The turbidity was expressed as the optical property of the cashew apple juice.
Statistical analysis
Statistical analyses, including model prediction, correlation test, and Shapiro-Wilk normality test, were performed by R version 2.13.0 (The R Foundation for Statistical Computing, http://cran.r-project.org).
RESULTS
Condensed tannins
The actual and predicted values of condensed tannins are shown in Table 1 . The tannin concentration decreased as the concentration of gelatin and mixing time increased (Figure 1 ). The mixing time affected the condensed tannin concentration, especially at low concentrations of the gelatin. Tannin concentration as a function of gelatin concentration and mixing time could be described by the following equation:
where G is concentration of gelatin (g/100 ml juice) and T is the mixing time (min). All terms in the model were significant (P<0.05), except the interaction term. However, inclusion of this term in the model resulted in higher R 2 (91.99%). Shapiro-Wilk test indicated the normality of the residuals, as shown in Table 2 . These results indicated that the model was suitable for predicting the condensed tannin concentration after precipitating with gelatin powder. The lowest tannin concentration (0.5 mg/100 ml) was obtained by mixing 100 ml cashew apple juice with 0.67 g gelatin for 15 min. 
Turbidity
The actual and predicted values of turbidity (OD 450 ) of the cashew apple juice and gelatin-tannin precipitate are shown in Table 3 . Analysis of variance revealed that mixing time had no significant effect on turbidity of cashew apple juice. Therefore, the regression model had only one independent variable (gelatin concentration) as in the following equation:
OD 450 = 0.157 -1.177G + 4.480G 2 -7.140G 3 + 4.002G Adding gelatin at 0.2% (w/v) reduced the turbidity of cashew apple juice by 69.9%; the turbidity slightly decreased after this point (Figure 2) . Turbidity was reduced the most (75.5%) with the addition of gelatin at 0.67% (w/v). 
Gelatin-tannin precipitate
Gelatin-tannin precipitate increased with the gelatin concentration in the mixture. Mixing time had no significant effect on the precipitate and was excluded from the model. 
DISCUSSION
Astringency of fruit juice is a result of the interaction between tannins in the juice and the salivary proteins and glycoproteins that lubricate the mouth, leading to a drying and puckering sensation (Fontoin et al., 2008) . Astringency should be eliminated when tannins can no longer bind to the proteins. The maximum weight of the gelatin-tannin precipitate obtained in this study occurred with the addition of 0.77% (w/v) gelatin. The weight of precipitate decreased after this point. Higher gelatin concentrations may serve as hydrocolloids that suspend the tannins within the juice rather than settling down the aggregates, resulting in higher turbidity and lower precipitate (de Freitas et al., 2003) .
Similar behavior was found in haze formation between gelatin and tannic acid. The haze rose when the concentration of gelatin or tannic acid increased, until it reached a plateau. At this point, the binding site of tannins was equivalent to the binding site of gelatin, forming the largest network, which caused maximum light scattering. The insufficient binding sites of tannins to bridge all gelatin molecules together in the condition of higher gelatin concentration resulted in smaller aggregate formation within the mixture (Siebert et al., 1996a) .
All terms in the model to predict the efficiency of gelatin at reducing tannins from cashew apple juice in this study were significant (P<0.05) and the model resulted in higher R 2 (91.99%). Shapiro-Wilk test indicated that the model was suitable for predicting the condensed tannin concentration after tannins were precipitated by adding gelatin powder (Table 2) . Adding gelatin at 0.2% (w/v) reduced turbidity of cashew apple juice by 69.9%; the turbidity slightly decreased after this point (Figure 2) . The lowest tannin concentration (0.5 mg/100 ml) was obtained by mixing 100 ml cashew apple juice with 0.67 g gelatin for 15 min. Augustin (1982) clarified cashew apple juice using polyvinyl pyrolidone (PVP); Jayalekshmy and John (2004) reported sago was an efficient and economic clarifying agent. Talasila et al. (2012) compared various clarifying agents and found that sago at a concentration of 2 g/L decreased tannins by 42.9%, and was more efficient than a higher concentration (4 g/L). Talasila et al. (2012) found that gelatin and PVP at concentrations of 4 g/L decreased tannins by 37.4 and 31.9%, respectively, and that starch at either concentration (2 or 4 g/L) was not effective.
Turbidity is an important factor in determining the quality of fruit juice. In this study, the mixing time did not significantly affect the turbidity of the cashew apple juice. Therefore, the regression model had only one independent variable -gelatin concentration. Adding gelatin reduced the turbidity until reaching a maximum reduction of 75.5% by adding 0.67% (w/v) gelatin; thereafter the turbidity increased again. The Gelatin-tannin precipitate increased with gelatin concentration, while the mixing time had no significant effect. The maximum weight of precipitate was obtained after adding 0.77% (w/v) gelatin (Figure 3) .
The most effective strategy in our study for removing tannins from cashew apple juice was to add gelatin (0.67 g / 100 ml juice) and mix for 15 minutes, yielding a tannin concentration of 0.5 mg/100 ml. This was higher than in juice clarified by enzyme tannase and microfiltration (0.2 mg/100 g) (Campos et al., 2002) . Although our method did not reduce the tannins as much as the enzymatic pretreatment, it offers an effective and inexpensive alternative. Condensed tannin concentration and precipitate weight had a negative correlation (the lower the condensed tannin in the juice, the higher the precipitate formed), indicating that condensed tannin in the juice was formed into the precipitate. This result was similar to complexation of canola tannins by bovine serum albumin (Naczk et al., 1996) . The decrease of tannins could be due to the formation of insoluble tannin-protein complexes, which are precipitated and filtered later (Hagerman and Butler, 1978) .
Different clarification treatments differed in their effectiveness at decreasing the astringency of cashew apple juice. For example, differences in the efficiency of sago (2 mgL -1 ) (Jayalekshmy and John, 2004) and gelatin (4 mgL -1 ) (Cormier, 2008) in decreasing astringency might be due to differences in cashew apple cultivar and the chemical composition of the clarifying agents used; tannins are precipitated by sago, flocculated by gelatin and starch, and chelated by PVP (Jayalekshmy and John, 2004) . The efficiency of clarifying agents also depends on their concentration and composition, the characteristics of the tannins (size, structure, and heterogeneity), and conditions of the interaction (pH, temperature, and juice composition) (Talasila et al., 2012) .
At higher gelatin concentrations, the tannins remained within the juice in the form of a complex with the gelatin. These remaining tannins should not cause astringency, as they can no longer bind to salivary protein. This phenomenon is similar to the salivary proline-rich protein that formed complexes with tannins in food, preventing the tannins from binding with digestive enzymes (Bennick, 2002) . However, turbidity of the juice might affect consumer acceptance of the product (Siebert et al., 1996b) , thus gelatin should be added at the amount that eliminates tannins without forming haze.
In our study, adding gelatin to cashew apple juice decreased the tannin concentration in the juice and formed gelatin-tannin complexes, with the added benefit of juice clarification. The minimum concentration of tannins and turbidity was obtained by mixing gelatin at 0.67% (w/v) for 15 min. The tannin concentration (0.5 mg/100 ml) in cashew apple juice achieved using gelatin in this study is low enough for producing cashew apple wine and bioethanol.
